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PROBLEM TO BE SOLVED: To provide an electrode and 
an electrode/electrolyte layered product for a solid- 
oxide type fuel cell, having remarkably increased three- 
phase boundary face lengths and being less subjected to 
thermal distorsion. 

SOLUTION: This electrode is made up by depositing 
particles 2 made of an electron-conductive material 
and/or an oxide ion mixed conductive material on 
surfaces of a skeleton 1 made up of a sintered porous 
body of three- dimensional network structure made of 
an oxide ion conductive material and/or an oxide ion 
mixed conductive material. This electrode is 
manufactured by forming a foamed sheet by sheet- 
molding from water slurry mixed with a water- insoluble 
organic solvent as a foaming agent, forming the skeleton 
1 by sintering the foamed sheet, impregnating the 
skeleton with a slurry containing the particles 2, and 
joining the particles to each other by sintering them. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrode structure and its manufacture 
approach of the solid acid ghost mold fuel cell (SOFC) with which development is progressing as 
a fuel cell for a generation of electrical energy of the third generation. 
[0002] 

[Description of the Prior Art] SOFC has the laminated structure which sandwiched the solid 
electrolyte with which all consist of an oxide ion conductor between the air pole (cathode) of an 
electrode, and the fuel electrode (anode), although it is divided roughly into cylindrical and a 
monotonous mold and there are a bipolar mold and a monolith (one) mold as monotonous mold. 
Connect the single eel which consists of this layered product through interconnector (separator), 
and the distributor for gas supply is made to intervene between an electrode, and interconnector 
as occasion demands, or distributor structure is given to interconnector. 

[0003] At SOFC, it is oxygen to an air pole side, (air) It is fuel gas to a fuel electrode side. (H2, 
CO, CH4, etc.) It is supplied. When an air pole is passed and it reaches near the interface with a 
solid electrolyte, the oxygen supplied to the air pole side receives an electron from an air pole 
here, and is oxide ion. (02-) It is ionized. The generated oxide ion carries out spreading diffusion 
of the inside of a solid electrolyte toward the direction of a fuel electrode, reacts with fuel gas 
near the interface with a fuel electrode, and is a resultant. (H2 O, C02, etc.) It is generated and 
an electron is emitted to a fuel electrode. This electron is taken out as electrical and electric 
equipment outside. 

[0004] the electrode reaction from the oxygen molecule which happens by the air pole side to 
oxide ion of SOFC, for example, an ionization reaction, (1/2 02+2e — >02-) (1) since three 
persons of an oxygen molecule, an electron, and oxide ion involve The solid electrolyte which 
carries oxide ion, and (2) The air pole which carries an electron, and (3) Gaseous phase which 
supplies an oxygen molecule (air) It is said that it happens only by the interface of the three 
phase of**. In a fuel electrode side, electrode reaction occurs similarly by the three-phase zone 
of a solid electrolyte, a fuel electrode, and the fuel gas of a gaseous phase. Therefore, it is 
considered to be advantageous to a smooth advance of electrode reaction to increase a three- 
phase zone (it to be "three-phase zone die length" more at accuracy, since this is single 
dimension-like). 

[0005] The ingredient of a solid electrolyte is asked for oxide ion conductivity being high, and it 
being chemically stable under the conditions from the oxidizing atmosphere by the side of an air 
pole to the reducing atmosphere by the side of a fuel electrode, and being strong to a thermal 
shock. Yttria stabilized zirconia (YSZ) is conventionally used as a solid electrolyte ingredient 
which satisfies these requirements. 

[0006] On the other hand, each the air pole and fuel electrode which are an electrode need to 
consist of high ingredients of electronic conduction nature. Since an air pole ingredient must be 
chemically stable in the oxidizing atmosphere of the elevated temperature around 1 000 degrees 
C, the metal is unsuitable and the perovskite mold oxide ingredient with electronic conduction 
nature is suitable. As an example of this ingredient, although there are LaMn03, LaCo03 and 
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solution that permuted a part of La, Sm, or Pr of t 



SmCo03, PrCo03, the solid solution that permuted a part of La, Sm, or Pr of these compounds 
from Sr f calcium, etc. further, it is LaMn03 with the coefficient of thermal expansion near YSZ. 
Or the solid solution is mainly used, a fuel electrode ingredient — metals, such as nickel and Co, 
or nickel-YSZ, and Co-YSZ etc. — a cermet is common. In addition, although metals, such as 
nickel, are usually the gestalten of oxides, such as NiO, at the time of manufacture, they are 
returned to a metal at the time of operation of a fuel cell. 

[0007] Since a solid electrolyte functions also as a septum for not contacting fuel gas and air 
directly while it is the migration medium of oxide ion, let it be the precise layer of gas 
impermeability. On the other hand, let an electrode (an air pole and fuel electrode) be a porous 
layer so that gas can be made to penetrate. Each class is a spraying process and 
electrochemical vacuum evaporationo. (EVD) It is formed by law, the sheet forming method using 
a slurry, screen printing, etc. For example, in the case of a spraying process, a layer precise in a 
plasma metal spray can form a porous layer by acetylene thermal spraying. A precise layer is 
formed by the EVD method. A sheet forming method can make and divide a compact layer and a 
porous layer by the size of the particle diameter of the powder in a slurry, and the existence of 
an organic pore forming materia!. 

[0008] it mentioned above — as — electrode of SOFC (an air pole and fuel electrode) **** — it 
is porosity and it is called for that the above-mentioned three-phase zone die length is large. In 
order to enlarge three-phase zone die length, it is proposed by JPJ-227362.A that a fine grain 
performs grain refining into the part which touches the electrolyte of an electrode layer so that 
coarse grain may exist in other parts. Moreover, powder of the organic substance pyrolyzed and 
removed at the time of sintering when using a sheet forming method (namely, a room 
temperature solid-state) Increasing the porosity of an electrode is known by adding as a pore 
forming material and performing sheet forming, (refer to example, JP.6-251 772.A, and 6-206781 
each official report) . 

[0009] Furthermore, adopting the inclination presentation which made presentation change by 
this interface gently-sloping in order to mainly avoid the rapid change of coefficient of thermal 
expansion in the interface of an electrolyte and an electrode is also indicated by many patent 
official reports by making JP,2-278663,A into the start. 
[0010] 

[Problem(s) to be Solved by the Invention] However, three-phase zone die length could not be 
enlarged enough, therefore electrode reaction was restricted, and grain refining of the 
conventional electrode material and adjustment of the porosity of the electrode of SOFC by the 
means of addition of the organic powder as a pore forming material had the problem that 
polarization became large and the output of SOFC declined. 

[001 1] Moreover, it is difficult for the conventional SOFC to make both coefficient of thermal 
expansion completely in agreement, since the ingredients of an electrode and an electrolyte 
differ, and heat distortion tended to enter. Although this problem can be eased with the 
inclination presentation in the above-mentioned interface, an inclination presentation requires 
time and effort for formation of an inclination presentation layer, when it is not a fundamental 
solution, since coefficient of thermal expansion is not made in agreement, and serves as cost 
quantity. This invention offers the electrode and the electrode / solid electrolyte layered 
products, and those manufacture approaches of the solid acid ghost mold fuel cell which can 
cancel these troubles. 
[0012] 

[Means for Solving the Problem] this invention persons paid their attention to the manufacture 
approach of the porosity metal body currently indicated by JP,8-49002,A. By this approach, the 
drainage system slurry containing metal impalpable powder and a water-soluble-resin binder for 
the usual sheet forming is made to contain the organic solvent of water-insoluble nature with 
bigger vapor pressure than water, and sheet forming is carried out to it. Since an organic solvent 
evaporates during desiccation of a Plastic solid, it becomes gas and it evaporates from a Plastic 
solid, many air bubbles are generated and it becomes a Plastic solid with three-dimensions 
network structure. Sintering of this Plastic solid obtains the porosity metal sintered compact of 
three-dimensions network structure. 
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[0013] Since the porous ingredient forms three-dimensions network structure in itself which 
metal impalpable powder sintered this sintered compact, and was able to do it, the whole specific 
surface area which also applied the surface area inside network structure becomes very large 
with three or more 1000 cm2/cm, and the whole porosity is 80 - 97%. Although some which 
galvanized the metal are in the polyurethane foam of three-dimensions network structure as a 
metal body which has the conventional three-dimensions network structure, and porosity is very 
as large as 92 - 96% as for this, specific surface area is only 5-75 cm2/cm3. 
[0014] If this invention persons formed the electrode frame of three-dimensions network 
structure by this approach and made the particle of an electrode material adhere to the front 
face of this electrode frame as a result of trying to apply the manufacture approach of the 
above-mentioned porosity metal body to the ceramic ingredient for electrode formation and 
repeating examination, since the surface area used for electrode reaction would become very 
large, it found out that the above-mentioned technical problem was solvable. 
[0015] It is the electrode of the solid acid ghost mold fuel cell which this invention has the frame 
which consisted of porosity sintered compacts of the three-dimensions network structure which 
consists of an oxide ion conductivity ingredient and/or an oxide ion mixed conductivity ingredient 
here, and is characterized by the particle which consists of an electronic conduction nature 
ingredient and/or an oxide ion mixed conductivity ingredient having adhered to the front face of 
this frame. The gestalt of the electrode with which this electrode was formed in precise one side 
or precise both sides of a solid electrolyte layer of oxide ion conductivity at an electrolyte and 
one / [ desirable ] electrolyte layered product, or an electrode / electrolyte / electrode layered 
product is taken. 

[0016] This invention relates also to the solid acid ghost mold fuel cell characterized by having 
the air pole and/or fuel electrode which consist of an electrode of the above-mentioned 
structure again. 

[0017] The frame of the electrode of this invention can form the porosity sheet of the three- 
dimensions network structure which consists of an oxide ion conductivity ingredient and/ or an 
oxide ion mixed conductivity ingredient by the sheet forming using the drainage system slurry 
which made the water immiscible organic solvent with larger vapor pressure than water contain, 
and can form it by sintering this sheet. 

[0018] The slurry of an electronic conduction nature ingredient and/or an oxide ion mixed 
conductivity ingredient is infiltrated into the back before sintering the porosity sheet of this 
three-dimensions network structure, and if required, after making the heat compression of this 
carry out in the thickness direction, if it sinters, the electrode of this invention can be 
manufactured. If a precise electrolyte layer is formed in one side of this electrode by thermal 
spraying of an oxide ion conductivity ingredient, or electrochemical vacuum evaporationo, the 
electrode / electrolyte layered product of a solid acid ghost mold fuel cell can be manufactured. 
[0019] Moreover, thermocompression bonding of the precise solid electrolyte sheet of oxide ion 
conductivity is carried out to the sheet of the three-dimensions network structure which is not 
sintered [ above ], and if the obtained layered product is sintered, the electrode frame / 
electrolyte layered product of a solid acid ghost mold fuel cell will be obtained. Furthermore, if 
the obtained sintered compact infiltrates the slurry of an electronic conduction nature ingredient 
and/or an oxide ion mixed conductivity ingredient and it sinters again, the electrode / electrolyte 
layered product of a solid acid ghost mold fuel cell can be manufactured. 
[0020] 

[Embodiment of the Invention] The electrode of the conventional solid acid ghost mold fuel cell 
is usually the sintered compact of the impalpable powder of an electrode material, and has the 
structure which a particle and pore distributed simply. That is, pore only exists between the 
particles of an electrode material. If the particle of an electrode material removes changing in the 
thickness direction of a layer even when it has an inclination presentation, in respect of this 
simple decentralized structure, it is the same. 

[0021] If the organic pore forming material of the shape of solid-state powder which disappears 
during baking which is indicated by JP,6-251 772,A etc. is used, since a bigger opening than the 
pore between particles will generate in an electrode, the porosity of an electrode increases. 
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However, since these big openings are only scattered in an electrode and an electrode does not 
serve as three-dimensions network structure even in such a case, specific surface area is small 
and it is substantially impossible to make another particle adhere to an opening in large 
quantities. The electrode of this invention has the structure where the particle 2 was made to 
adhere in the front face of the frame 1 which consisted of porosity sintered compacts of three- 
dimensions network structure, as shown to drawing 1 in schematic drawing. It is the big pore A 
(namely, pore of network structure) which generated the frame 1 of three-dimensions network 
structure by gassing by evaporation of a liquid. Small pore B between the particles which 
constitute a frame (namely, pore inside a sintered compact) It has two kinds of pores. A particle 
2 adheres to the front face of this frame 1, i.e., the outside surface of a frame and the front face 
of the big pore A. In addition, on the relation of a plot, although the adhesion particle 2 is drawn 
as isolated mutually, in fact, adhesion particle 2 comrades contact mutually and it forms the 
ultra-thin porosity enveloping layer. 

[0022] Therefore, it differs from the conventional electrode in that a solid-state consists of two 
kinds of ingredients called a porous frame 1 and the porous adhesion particle 2, and consists of 
two kinds, the big pore A and the small pore B, also about pore. Moreover, a frame is three- 
dimensions network structure and this differs from the porous body formed of the above- 
mentioned organic pore forming material. 

[0023] The frame front face to which the particle 2 adhered, i.e., the outside surface of a frame 
and the front face of the big pore A within network structure, turns into an electrode surface. 
Therefore, since the surface area of an electrode increases by leaps and bounds compared with 
the case where only an outside surface turns into an electrode surface like before, three-phase 
zone die length also becomes remarkably large, and its electrode characteristic improves sharply. 
Moreover, since the porosity of an electrode frame is very large, the relaxation operation over a 
thermal shock and heat distortion is also large, and generating of destruction by the difference of 
coefficient of thermal expansion with an electrolyte can be prevented. Furthermore, an 
ingredient, then a thermal shock the same as that of an electrolytic ingredient or affiliated, and 
heat distortion become remarkably small about an electrode frame. 

[0024] Since the frame 1 of an electrode becomes a path as the oxide ion which leads to a solid 
electrolyte, a certain amount of oxide ion conductivity is required for it Therefore, as an 
ingredient of a frame, at least one sort chosen from the oxide ion conductivity ingredient and the 
oxide ion mixed conductivity ingredient is used. 

[0025] On the other hand, since the adhesion particle 2 becomes a path as an electron required 
for delivery of oxide ion at a three-phase zone, a certain amount of electronic conduction nature 
is required for it. Therefore, an adhesion particle consists of at least one sort of ingredients 
chosen from the electronic conduction nature ingredient and the oxide ion mixed conductivity 
ingredient. Preferably, a part of adhesion particle [ at least ] consists of electronic conduction 
nature ingredients. That is, an adhesion particle consists only of an electronic conduction nature 
ingredient, or consists of mixture of an electronic conduction nature ingredient and an oxide ion 
mixed conductivity ingredient. 

[0026] In addition, it sets on these specifications and, for an oxide ion conductivity ingredient, 
the ion transference number is 0.7. The above oxide ion conductivity ingredient is meant. The ion 
transference number an oxide ion mixed conductivity ingredient 0.1-0.7 An oxide ion conductivity 
ingredient is meant. The ion transference number is 0.1. The oxide ion conductivity ingredient of 
the following turns into an electronic conduction nature ingredient. 

[0027] The oxide ion conductivity ingredient conventionally used as a solid electrolyte of a solid 
acid ghost mold fuel cell is first mentioned as an ingredient suitable for a frame 1. namely, yttria 
stabilized zirconia which has a fluorite mold crystal structure typically (YSZ) it is — although — 
other oxide ion conductivity ingredients with which it is known that it can be used as a solid 
electrolyte for fuel cells can be used. 

[0028] There is a lanthanum gallate system ingredient of the perovskite mold crystal structure 
with the presentation shown by the following ** formula for which these people applied 
previously as an oxide ion conductivity ingredient in which the conductivity which endures YSZ is 
shown. **. Since this ingredient has a property suitable as a solid electrolyte of a solid acid 
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ghost mold fuel cell and shows rffgh conductivity also at low temperature, the construction of the 
solid acid ghost mold fuel cell which made the operating temperature low of it is attained from 
conventional 1000-degree-C order. This ingredient is also very suitable as a frame ingredient of 
the electrode in this invention. 

[0029] Ln1-xAxGa1-y-zB1yB2z03 ... Inside of ** type, Ln=La, And/or, it Nd(s). one sort of Ce, 
Pr, Nd, and Sm, or two sorts or more — desirable — La — More preferably One 'sort or two 
sorts or more (La;A=Sr, and calcium and Ba), Preferably One sort or two sorts or more 
(Sr;B1=Mg, and aluminum and In), Preferably One sort or two sorts or more (Mg;B-2=Co, and Fe, 
nickel and Cu), desirable — Co or Fe — more — desirable — Co;x=0.05-0.3 — desirable — 0.10 
to 0.25 — more — desirable — 0.1 7-0.22;y=0.025-0.29 — desirable — 0.025 to 0.17 — more — 
desirable — 0.09-0.1 3;z=0.01 -0.1 5 — desirable — 0.02 to 0.15 — more — desirable — 0.07- 
0.10;y+z<=0.3 — desirable — y+z=0. 10-0.25. 

[0030] When forming a frame from an oxide ion mixed conductor, as a suitable ingredient, it is 
shown by the above-mentioned ** type and the lanthanum gallate system ingredient of 
perovskite type structure which Ln, A, B1, B-2, and x are as above-mentioned, and is as y and z 
being degrees is mentioned. 

[0031] y= 0 to 0.29 — desirable — 0.025 to 0.17 — more — desirable — 0.09 to 0.13; 
0.15<z<=0.3 — desirable — 0.15<z<=0.25;y+z<=0.3 — desirable — y+z=0. 10-0.25. That is, 
although the ion transference number becomes it large that z value is 0.15 or less and the 
lanthanum gallate system ingredient with the presentation shown by the above-mentioned ** 
formula serves as an oxide ion conductor, if z value exceeds 0.15, the ion transference number 
will fall and it will serve as an oxide ion mixed conductor. 

[0032] Are shown by the following ** type as another oxide ion mixed conductor suitable for a 
frame ingredient. lA'l-x'Cax'Gal-y'B'y'OS which has the ingredient of the perovskite mold crystal 
structure too ... Inside of ** type, One sort or two sorts or more of lanthanoids metals whose 8 
coordination ionic radii of A' = trivaient ion are 1.05-1.15A; B' =Co, one sort of Fe, nickel, and Cu, 
or two sorts or more — desirable — Cox' =0.05-0.3 — desirable — 0.05-0.2;y =0.05-0.3 — 
desirable — 0.08-0.2. 

[0033] A' Metaled examples are Nd, Pr, Sm, Ce, Eu, Gd, etc., among these especially a desirable 
thing is Nd. The ingredient shown by upper ** formula can show conductivity still higher than the 
ingredient shown by ** formula. 

[0034] an electrode — fuel electrode (anode) it is — a case — the above [ a frame ] — if it 
consists of an oxide ion mixed conductor, since total conductivity will fall in the reducing 
atmosphere to which a fuel electrode is put, it is not desirable, an electrode — air pole (cathode) 
it is — even if a frame is an oxide ion mixed conductor, there are no above problems in a case. 
Therefore, an oxide ion conductor or an oxide ion mixed conductor is sufficient as the frame 
ingredient of an air pole, and the both mixture is sufficient as it. 

[0035] Front face with this three-dimensions network structure of a frame 1 (the opening of 
network structure, i.e., the front face of the big pore A, is included) The adhering particle 2 
consists of an electronic conduction nature ingredient and/or an oxide ion mixed conductivity 
ingredient as mentioned above. What is necessary is for this adhesion particle just to consist of 
ingredients conventionally used for a fuel electrode or an air pole. 

[0036] as the ingredient of the adhesion particle of a fuel electrode — nickel, Co, and Ce1- 
mCm02 (C is one sort of Sm, Gd, Y, and calcium or two sorts or more, and m=Q-0.4) from — at 
least one selected sort can be used. Among these, Ce1-mCm02 (in the case of m= 0, this is 
Ce02) It is an oxide ion mixed conductor, and a metal is an electronic conductor though natural. 
Desirable one is at least one sort of metals chosen from nickel and Co. (preferably nickel) Ce1- 
mCm02 It is mixture. 

[0037] As an ingredient of the adhesion particle of an air pole, it is LaMn03 which is an 
electronic conduction nature ingredient or an oxide ion mixed conductivity ingredient. A system 
and LaCo03 A system and SmCo03 A system and PrCo03 At least one sort of ingredients of a 
system can be used. Here, it is LaMn03. A system ingredient is the semantics also containing 
the ingredient which permuted a part of La or Mn with other metals, and the same is said of the 
remaining ingredient. For example, the ingredient which permuted a part of La known from the 
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former from Sr and/or calcium can also be used. 
[0038] The electrode of a solid acid ghost mold fuel cell is used with the gestalt united with the 
solid electrolyte layer. The electrode with which the particle of an electrode material comes to 
adhere to the frame front face of the porosity sintered compact of the three-dimensions 
network structure concerning this invention is an approach of thermal spraying of the electrolyte 
ingredient to the thermocompression bonding or the sintered electrode before sintering, and can 
be united with an electrolyte ingredient so that it may mention later. 

[0039] When it is made to unite with a solid electrolyte, in order to make into a dissolution 
thru/or the minimum heat distortion by the interface of the electrolyte/electrode which poses a 
problem, the frame of an electrode may consist of ingredients the same as that of a solid 
electrolyte layer, or affiliated. An affiliated ingredient means the ingredient with same principal 
component and crystal structure. 

[0040] For example, when a solid electrolyte is YSZ, the frame of an electrode can also consist 
of YSZ(s). moreover, oxide ion conductor in which a solid electrolyte is shown by the above- 
mentioned ** formula (0.15 or less [ That is, z value ]) from — although the frame of an 
electrode is also constituted from same oxide ion conductor as this or it is shown by the same 
** type which is an affiliated oxide ion mixed conductor when becoming, an ingredient with larger 
z value than 0.15 can be used. Moreover, since the compound shown by the above-mentioned ** 
formula is also the affiliated ingredient which is common in respect of the rare earth gallate 
system of perovskite type structure, it can fully be used as an electrode frame. 
[0041] thus — if the ingredient of the frame which occupies most electrodes is used as the 
ingredient of a solid electrolyte, and a same or affiliated ingredient — the problem [ interface / 
of an electrolyte/electrode ] of heat distortion — a dissolution — or it is remarkably mitigable. 
However, in this invention, since the frame of an electrode has three-dimensions network 
structure with big surface area and this structure shows a relaxation operation to a thermal 
shock or thermal stress, even if an electrolyte and an electrode frame are heterogeneous 
ingredients, generating of destruction by the difference of both coefficient of thermal expansion 
cannot take place easily. 

[0042] Next, the manufacture approach of of the electrode concerning this invention, its frame, 
and an electrode / electrolyte layered product is explained. The electrode frame which consists 
of a porosity sintered compact with three-dimensions network structure can be manufactured by 
sintering, after it performs foaming sheet forming using the organic solvent of water-insoluble 
nature, and carrying out heat compression of this in the thickness direction according to the 
approach indicated by JP,8-49002,A, if required in the obtained sheet. However, ceramic which 
serves as a frame ingredient of an electrode instead of the metal powder indicated there 
(namely, an oxide ion conductivity ingredient and/or an oxide ion mixed conductivity ingredient) 
Powder is used. 

[0043] Powder of the frame ingredient used for this foaming sheet forming (henceforth raw 
material powder) When a commercial item cannot be used, it can obtain by the known approach. 
For example, it be each metal when it be the ingredient in which a frame ingredient have the 
presentation show by the above-mentioned ** formula. ( namely, Ln, A, Ga, B1, and B-2) Oxide 
or precursor which pyrolyze and become oxide s ( an example, a carbonate, carboxylic acid, etc.) 
After mix and carry out temporary quenching at a rate which become a predetermined 
presentation ratio, raw material powder can be prepare by grind with a ball mill etc. mean particle 
diameter of raw material powder 0.5-500 the range of mum — desirable — more — desirable — 
0.5-200 It is mum. 

[0044] The raw material powder for these electrode frames is mixed with a water-insoluble 
nature organic solvent with larger vapor pressure than water, a surfactant, a water-soluble-resin 
binder, a plasticizer, and water, and the slurry for sheet forming is prepared. This slurry is the 
same as the drainage system slurry used for the usual sheet forming method, if the point 
containing the water-insoluble nature organic solvent used as a cellular agent is removed. 
[0045] Although it will not be restricted especially if a water-insoluble nature organic solvent has 
vapor pressure larger than water, the hydrocarbon system solvent of carbon numbers 5-8 is 
desirable. As the example, a neopentane, a hexane, an isohexane, a heptane, an iso heptane, an 
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octane, benzene, toluene, etc. are mentioned. Especially a surfactant may not be restricted but 
may be used as neutral detergent for tableware. As an example of a water-soluble-resin binder, 
there are methyl cellulose, the hydroxypropyl methylcellulose, hydroxyethyl methyl cellulose, 
carboxymethyl-cellulose ammonium, ethyl cellulose, polyvinyl alcohol, etc. A plasticizer can be 
chosen from polyhydric alcohol, fats and oils, the ether, and ester that what is necessary is just 
to use it if needed. As an example, there are a polyethylene glycol, olive oil, the petroleum ether, 
di-n-butyl phthalate, sorbitan monooleate, a glycerol, etc. 

[0046] The blending ratio of coal of the above-mentioned component is weight %, for example, is 
easy to be as follows. 

Raw-material powder which constitutes an electrode frame: 5 - 80%, water-insoluble nature 
organic sblvent:0.05-10%, and water-soluble-resin binder: 0.5 - 20%, surfactant:0.05-10%, a 
plasticizer: 1 5% or less (0 is sufficient) It remains and is :water. 

[0047] This drainage system slurry is often mixed, and if it fabricates in the shape of a sheet by 
the well-known doctor blade method, the slip casting method, etc. and the obtained sheet is 
dried, a water-insoluble nature organic solvent with larger vapor pressure than water will 
evaporate and evaporate previously rather than water evaporates. For example, when a water- 
insoluble nature organic solvent is the above-mentioned hydrocarbon system solvent, 
evaporation of this organic solvent takes place at the temperature of 5 degrees C or more, the 
low temperature of desiccation by coming out, for example, perform 50 degrees C or less, is 
comparatively desirable so that evaporation of water may not take place rapidly. Since the 
evaporating solvent was distributed and shut up into the slurry, after solvent evaporation, big air 
bubbles remain in a sheet by the cubical expansion at the time of this evaporating. After also 
evaporating water and completing desiccation, since many big air bubbles were generated, the 
porous foaming sheet used as three-dimensions network structure is obtained. Although these 
big air bubbles are more remarkably [ than the particle size of the powder of the frame ingredient 
used for slurry formation ] large as shown in drawing 1 , magnitude has gathered comparatively 
well. This sheet has the reinforcement which can be handled, even if porosity is large, since a 
resin bond agent and a plasticizer are included. 

[0048] If the foaming sheet of this porosity is made to sinter, three-dimensions network 
structure will be held also even for after sintering, and the electrode frame of porosity with 
three-dimensions network structure will be obtained. According to the class of raw material 
powder, sintering conditions are suitably set up so that sintering may fully take place. Before 
sintering, it heats at low temperature from sintering temperature, and is the organic substance 
from a sheet, (an example, a binder, a plasticizer, surfactant) Cleaning to remove may be 
performed. 

[0049] One example of the scanning electron microscope photograph with the three-dimensions 
network structure acquired after sintering of an electrode frame is shown in drawing 2 , Big pore 
more remarkable than the particle size of the raw material powder which constitutes the frame 
(opening) It turns out that a large number occur arid the sintered compact has three-dimensions 
network-like structure, this big pore (pore A of drawing 1 ) the front face to depend — in 
addition, the porous body to which sintered compact itself which constitutes three-dimensions 
network structure was sintered and made as for powder — it is — pore (pore B of drawing 1 ) 
detailed inside since it has — whole specific surface area with this very big electrode frame 
(specific surface area which totaled the front face of the external pore A, and the front face of 
the internal pore B) It has. Generally whole specific surface area will be set to three or more 
1000 cm2/cm. 

[0050] Porosity sintered compact of this three-dimensions network structure (namely, electrode 
frame 1) If a particle 2 is made to adhere to a front face, the electrode of this invention will be 
obtained. What is necessary is just to carry out this adhesion by sintering, after infiltrating the 
slurry containing a particle 2 into an electrode frame. Any of a drainage system and an organic 
solvent system are sufficient as the slurry to be used, and it is a particle 2 (namely, powder of an 
electrode material). It can prepare by distributing the organic solvent containing a water-soluble- 
resin binder which was mentioned above, a resin binder meltable to the water containing a 
surfactant, or an organic solvent, and a surfactant. The desirable powder concentration of this 
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slurry is 20 - 70 % of the weighCTvfean particle diameter of the powder in Slurry 0.5-200 
Considering as within the limits of mum is desirable. 

[0051] The opening of an electrode frame is very larger than the particle size of the powder in a 
slurry, and since it is open for free passage, the particle in the slurry for sinking in invades not 
only the external surface of a porous electrode frame but in the opening inside an electrode, and 
adheres to the front face, so that drawin g 1 and drawi ng 2 may show. It sinters at suitable 
temperature after sinking in, and the adhering particle is combined by the frame front face or 
particles. 

[0052] The obtained electrode can be used as an air pole, if it is the ingredient which fitted the 
air pole as a fuel electrode when the particle made to adhere was an ingredient suitable for a fuel 
electrode. Since the electrode has already sintered when making this electrode unite with a solid 
electrolyte, you cannot make it stuck by pressure with the solid electrolyte formed by the sheet 
forming method. However, if the layer of an oxide ion conductivity ingredient is formed by 
thermal spraying or electrochemical vacuum evaporationo, the precise electrolyte layer united 
with the sintered electrode can be formed in one side of an electrode. 

[0053] What is necessary is just to make it unify in the phase before sintering, when making it 
unite with the solid electrolyte formed by the sheet forming method. That is, as it mentioned 
above, foaming sheet forming of the raw material powder of an electrode frame is carried out, 
and the porosity sheet for the electrode frames which are not sintered with three-dimensions 
network structure is obtained. Thermocompression bonding of the sheet for the solid 
electrolytes which are not sintered [ which were precisely formed by the sheet forming method 
prepared independently ] is carried out to this porosity sheet using a hotpress, and if the 
obtained layered product is made to sinter, an electrode frame / electrolyte layered product will 
be manufactured. The porosity sheet which is not sintered used as an electrode frame has 
three-dimensions network structure, and although porosity is very large, it has the mechanical 
strength which also bears thermocompression bonding with a resin bond agent and a plasticizer. 
[0054] The slurry which contains an adhesion particle subsequently to the electrode frame of the 
electrode frame / electrolyte layered product sintered and obtained is infiltrated, and it is the 
front face of an electrode frame, (as mentioned above, external surface and the front face of big 
pore are included) A particle is made to adhere. If a layered product is again sintered after 
sinking in and an adhesion particle is combined with a frame, an electrode / electrolyte layered 
product will be manufactured. 

[0055] Thermocompression bonding of the electrolyte sheet which was independently prepared 
as mentioned above wjth the porosity sheet for air pole frames and the porosity sheet for fuel 
electrode frames and which was fabricated precisely is carried out with a hotpress, and if the 
obtained layered product is burned, the three-layer layered product of an air pole frame / 
electrolyte / fuel electrode frame will be manufactured. If infiltrate the slurry which contains an 
adhesion particle subsequently to the air pole frame and fuel electrode frame of a three-layer 
layered product which were sintered and obtained, a particle is made to adhere to the front face 
of an electrode frame, a layered product is sintered again and an adhesion particle is combined 
with a frame, it will become the single eel of the solid acid ghost mold fuel cell of a monotonous 
mold with the three-tiered structure of an air pole / electrolyte / fuel electrode. Of course, only 
one side of an air pole or a fuel electrode may be manufactured by one of the above-mentioned 
approaches. The solid acid ghost mold fuel cell of a bipolar mold or a monolith type is producible 
using the single eel of this monotonous type of solid acid ghost mold fuel cell. 
[0056] 

[Example] La0.8Sr0.2Ga0,8Mg0.1 15Co 0.085O3 (the following, LSGMC, and brief sketch) Ball mill 
mixing of the powder of each metallic oxide was carried out so that it might be formed. After 
carrying out temporary quenching of this mixed powder at 1100 degrees C, ball mill mixing is 
carried out again, and it is mean-particle-diameter abbreviation. 1 .5-micrometer LSGMC Raw 
material powder was obtained. 

[0057] Organic solvent of the 48.8% of this raw material powder and water immiscibility in weight 
% (hexane) 2.4 %, surface active agent (neutral detergent for tableware) 9.8 %, water-soluble- 
resin binder (methyl cellulose) 4.9 % and plasticizer (glycerol) The drainage system slurry which 
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contains 4.9 % underwater was i?Fepared, and the sheet of 2mm thickness was fabricated with the 
doctor blade method from the slurry of ****. While leaving the fabricated sheet at about 30 
degrees C in the room temperature for 1 hour, many air bubbles with which the dimension 
gathered comparatively in the sheet were generated, and it became the foaming sheet which is 
not sintered with the three-dimensions network structure whose thickness is about 6mm. 
[0058] After drying this porosity foaming sheet, thermocompression bonding was carried out with 
the precise electrolyte sheet and precise hotpress which were beforehand fabricated with the 
doctor blade method independently, and the layered product which is not sintered used as an 
electrolyte / electrode frame was obtained. The raw material powder which consists of LSGMC 
of the above and this presentation is used for the used electrolyte sheet, it is weight %, and is 
61% of this raw material powder, and a surface active agent, (maleate) 0.6 %, binder (polyvinyl 
butyral) 1.8 %, plasticizer (di-n-butyl phthalate) The solvent system slurry which contains 1.8 % in 
an organic solvent was adjusted, it obtained by fabricating with a doctor blade method from this 
slurry, and thickness was 0.25mm. 

[0059] The electrolyte / electrode frame layered product was obtained by calcinating the above- 
mentioned layered product for 3 hours, and sintering it at 1500 degrees C, among atmospheric 
air. Scanning electron microscope photograph of the front face by the side of the electrode 
frame of this layered product (one 40,000 times the scale factor of this) It is shown in drawing 2 . 
As shown in this drawing, the electrode frame had become three-dimensions network structure, 
the place which produced the sintered compact of only an electrode frame similarly 
independently, and measured the porosity and specific surface area — porosity — about 50% 
and whole specific surface area — 1000 cm21/cm3 it was . Moreover, the range of the 
magnitude of an opening was about 20-1000 micrometers. 

[0060] To the electrode frame side of the above-mentioned electrolyte / electrode frame 
layered product, it is NiO and Ce02. The drainage system slurry or solvent system slurry of 
mixture (powdered mean particle diameter contains 1.0 mum, a resin bond agent, and a 
surfactant) It was made to sink in, it calcinated at 1200 degrees C among atmospheric air for 3 
hours, and the particle which adhered to the electrode frame according to sinking in was 
combined, in this way, LSGMC from — a frame with the becoming three-dimensions network 
structure with a very large specific surface area — having — the front face — NiO and Ce02 
The fuel electrode adhering to homogeneity and a high distribution condition was able to be 
manufactured in the condition of having made it uniting with an electrolyte. In addition, among 
adhesion particles, if NiO is exposed to a hot reducing atmosphere at the time of operation of a 
solid acid ghost mold fuel cell, it will be returned to nickel. 

[0061] They are LaMn03, LaCo03, and SmCo03 like [ in an air pole ] a top. Or PrCo03 An 
electrode / electrolyte layered product can be manufactured by infiltrating the slurry containing 
the powder of a suitable ingredient called a system, for example, calcinating at 1200 degrees C 
among atmospheric air for 3 hours. As a conventional air pole ingredient, conductivity is LaMn03 
at the reason a coefficient-of-thermal-expansion difference with YSZ is small in spite of not 
being so high. The system ingredient has mainly been used. In this invention, since this ingredient 
is made to adhere to an electrode frame, it is hard to receive heat distortion. Therefore, it 
becomes possible to choose a conductive high ingredient, without taking coefficient of thermal 
expansion into consideration, and the electrode characteristic improves. 
[0062] moreover — an electrode frame — LSGMC The instead same LSGMC (namely, the 
presentation shown by the above-mentioned ** formula — having) YSZ currently used from an 
oxide ion mixed conductor with many Co contents or the oxide ion mixed conductor with the 
presentation shown by the above-mentioned ** formula of NdGa03 system, and the former is 
effective. 
[0063] 

[Effect of the Invention] Since the electrode of the solid acid ghost mold fuel cell concerning this 
invention is constituted from a thing which made the particle. of an electrode material adhere to a 
porosity frame with three-dimensions network structure with a large specific surface area, the 
three-phase zone die length in an electrode increases sharply, and its electrode characteristic 
improves remarkably. 
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[0064] Moreover, since the po^Hty frame of an electrode has a very big specific surface area, 
the relaxation operation over a thermal shock and heat distortion can work, and generating of 
destruction of the electrode by the difference of coefficient of thermal expansion with an 
electrolyte can be prevented. Furthermore, the porosity frame of an electrode can be produced 
from the same ingredient as an electrolyte, the difference of coefficient of thermal expansion 
with an electrolyte is lost in that case, and the generating of heat distortion itself can be 
canceled. Since the adhesion particle of an electrode has adhered to the frame with a big 
specific surface area, it cannot receive thermal stress easily too. As the above synthetic result, 
output characteristics and dependability become possible [ building SOFC which improved 
sharply ]. 



[Translation done.] 
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